Hybridization of murine myeloma cells P3-X63-Ag8.653 with splenocytes from a BALB/c mouse immunized with the syngeneic anti HLA-DR1,4,w6,w8,w9 MAb AC1.59 resulted in the development of 108 hybridomas secreting antiidiotypic antibodies. 100 of them inhibited the binding of MAb AC1.59 to target cells. Detailed analysis of the antiidiotypic MAb F5-444, F5-830, F5-963, F5-1126, F5-1336, and F5-1419 showed that all of them recognize idiotopes within or spatially close to the antigen combining site of MAb AC1.59. In crossblocking experiments, the six antiidiotypic MAbs crossblocked each other. It is likely that the six MAbs recognize spatially close, but not identical idiotopes because they elicited antiantiidiotypic antibodies of different or similar, but not identical specificity and differ in their ability to elicit anti-HLA class II antibodies. The latter, which were found only in sera from BALB/c mice immunized with antiidiotypic MAb F5444 and F5-830, mimic the specificity of MAb AC1.59 and express the idiotope defined by the immunizing antiidiotypic MAb. These results indicate that the MAb F5A444 and F5-830 are antiidiotypes,6 and the remaining four are antiidiotypes -y.
Introduction
Jerne's network theory postulates that idiotypic interactions regulate the immune system (1) . In agreement with this theory, antiidiotypic antibodies raised to antibodies to a variety of antigens have been shown to be useful reagents with which to manipulate the immune response to the corresponding antigens, presumably by balancing amplification and suppressor signals among immune cell subsets (2) (3) (4) (5) . These approaches have been greatly facilitated by hybridoma methodology, which has provided homogeneous antibodies to be used as immunogens and as targets to elicit and to characterize antiidiotypic antibodies, respectively. Furthermore, hybridoma methodology has overcome the practical difficulties inherent in preparing large amounts of purified and well-standardized antiidiotypic antibodies with a well-defined specificity.
Despite the regulatory role of HLA class II antigens in immunological phenomena, of the availability of anti-HLA class II MAbs and the potential applications of antiidiotypic antibodies to anti-HLA class II antibodies to investigate and to modulate the immune response to these antigens, to the best of our knowledge, antiidiotypic MAbs to anti-HLA class II antibodies have not yet been developed. We therefore attempted to produce antiidiotypic MAbs to murine anti-HLA class II MAbs and to determine which of these could mimic the immunogenic epitope of HLA class II alloantigens. The aim of this paper is to characterize the specificity and the functional characteristics of six syngeneic antiidiotypic MAbs elicited with the murine MAb AC1.59, which recognizes a determinant expressed on HLA-DR1,DRw8,DRw9 allospecificities and on subtypes of HLA-DR4 and DRw6 allospecificities (6) .
Methods
Animals. Eight 12-wk-old BALB/c mice were purchased from Charles River Breeding Laboratories, Wilmington, MA. Cell lines. The HLA homozygous cultured B lymphoid cells BAE 219 (HLA-DR8), LG-2 (HLA-DR 1), LKT-13 (HLA-DR4), MANN (HLA-DR7), THO (HLA-DR4), WALK (HLA-DR4), WT49 (HLA-DR3), and Yallup (HLA-DR8); the HLA heterozygous cultured B lymphoid cells Victor (HLA-DR4,w6) and WI-L2 (HLA-DR4,7); the cultured T lymphoid cells ; and the murine myeloma cells P3-X63-Ag8.653 were grown in medium RPMI 1640 supplemented with 10% FCS, 2 mM L-glutamine, and 25 jig/ml gentamicin sulfate.
MAbs and conventional antisera. The anti-HLA class I, anti-HLA class II and anti-human melanoma-associated antigen (MAA)' MAbs developed in our laboratory were prepared and characterized as described elsewhere (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) . The anti HLA-DP MAb B7/21 and the anti HLA-DR1 MAb H40-242.3 were developed as described (16, 17) .
The murine antiidiotypic MAb F3-C25 and F3-B6 to idiotopes within (or closely related to) and outside the antigen combining site, respectively, of the syngeneic anti HLA-DR,DP MAb CR1 1-462 (18) and the murine antiidiotypic MAb T1O-440 to an idiotope within (or closely related to) the antigen combining site of the syngeneic anti-HLA-A2,A28 MAb CR1 1-351 (Ferrone, S., unpublished observations) have been prepared and characterized following procedures similar to the ones we have used in this investigation.
MAbs were purified from ascitic fluid by a two-step procedure. After caprylic acid (19) or 40% ammonium sulfate precipitation, IgM were purified by gel filtration on a fast-phase liquid chromatography (FPLC) system (Pharmacia Fine Chemicals, Piscataway, NJ), IgGI by ion exchange chromatography on DEAE and IgG2 by affinity chromatography on protein A Sepharose (Pharmacia Fine Chemicals) (20) . F(ab')2 fragments were prepared from IgGI MAbs following the procedure we have previously applied (21) . The purity of the whole Ig and of F(ab')2 fragments of MAbs was assessed by SDS-PAGE (22) .
Affinity-purified goat antibodies to the Fc portion of murine IgG and to the heavy and light chain of murine IgG and IgM were purchased from Jackson Immunoresearch Laboratories (Avondale, PA). Antibodies were radiolabeled with 1251 using the chloramine T method (23 SDS-PAGE, Western blot, and isoelectricfocusing (IEF) ofantiidiotypic MAbs. They were performed using the procedures previously applied (22, 26, 27 The spatial relationship of the idiotopes recognized by the MAb F5-444, F5-830, F5-963, F5-1126, F5-1336, and F5-1419 was analyzed with competition experiments. As shown in Fig. 3 (Fig. 4) (37) . Characterization of the amino acid sequence of the variable region of the six antiidiotypic MAbs elicited with MAb AC1.59 will define the structural basis of their diversity. Furthermore, this information combined with the available data about the amino acid sequence of HLA-DR4 antigens (38) will provide the background to synthesize peptides that can be used to modulate the immune response to these antigens. Experiments along this line are in progress in our laboratory.
In the histocompatibility antigen area, antiidiotypic antibodies that are the mirror image of antigens have been developed in three other systems. In mice-, pig-, and rabbit-antiidiotypic antibodies elicited with a murine MAb induced the formation of anti-H-2 class I antibodies in some of the BALB/ c mice treated (39) , and pig-antiidiotypic antibodies elicited with a murine MAb induced the formation of anti-class II histocompatibility antigen antibodies in all the C3H.SW mice treated (40) . In rats, like in our system, one syngeneic antiidiotypic MAb elicited the formation of anti-class II histocompatibility antigen antibodies (41) . In swines, rabbit-antiidiotypic antibodies elicited with a murine MAb induced the formation of anti-class I histocompatibility antigen antibodies in mice, but not in swines (42) . Furthermore, in these three systems, like in the human one analyzed in this investigation, antibodies elicited with antiidiotypic antibodies were shown to share idiotope(s) with the MAb used to elicit antiidiotypic antibodies.
The frequency of antiidiotypic antibodies secreting hybridomas in the fusion analyzed is noteworthy in view of the difficulties encountered to develop antiidiotypic MAbs to murine anti-HLA class II MAbs (unpublished observations). The frequency we have obtained is markedly higher than that we have obtained using splenocytes from BALB/c mice immunized with MAbs to monomorphic determinants of HLA-DR and DP antigens (18) , to polymorphic determinants of HLA-DQ antigens, to monomorphic and polymorphic determinants of HLA Class I antigens (Ferrone, S., unpublished observations) and to monomorphic determinants of human high molecular weight-melanoma associated antigen (Kusama, M., T. Kageshita, Z. J. Chen, and S. Ferrone. 1989. Production and characterization of syngeneic antiidiotypic monoclonal antibodies to murine anti-human high molecular weight-melanoma associated antigen [HMW-MAAJ monoclonal antibodies. Manuscript submitted for publication.) Furthermore, the frequency is markedly higher than that obtained with splenocytes from BALB/c mice immunized with syngeneic anti murine I-A MAbs (43) and from rats immunized with syngeneic and allogeneic MAbs to rat class II histocompatibility antigens (44) . Whether this difference reflects the immunization schedule, the IgG class of MAb AC 1.59 and/or the immunogenicity of its idiotopes remains to be determined.
The studies reported herein using antiidiotypic MAbs 
